INTRODUCTION
Urogenital system infections are among the most frequently seen and encountered infectious diseases of humans in the world. They are one of the leading causes of acute diseases and chronic health impairment (Skerk et al., 2010; Hannan et al., 1993) . Urinary tract infections mainly include pyelonephritis, cystitis, urethritis, while *Corresponding author: E-mail: ywang43555@sina.com.
genital system infections cover pelvic inflammation disease (PID), vaginitis, and cervicitis in women and prostatitis in men. Anatomically, the urinary and genital systems are close, and susceptible to cross-infection. Sexually transmitted infections are important public health problem, numerous complications leaving permanent consequences on the human health as well as large expenses that health-care system and individuals have to pay for their detection, prevention and treatment (Skerk et al., 2010; Minichiello et al., 2011) . Urinary tract infections are the most common bacterial infections in humans and the most common reason for justified antibiotic prescriptions (Foxman ., 2002) . Urogenital system infections are mostly caused by Escherichia coli, Enterococcus, Staphylococcus, Klebsiella pneumoniae, Pseudomonas aeruginosa and Proteus mirabilis (Bebear et al., 2008) . For the past few years, some atypical pathogens, such as Mycoplasma and Chlamydia, are accounting for more and more infections . Fluoroquinolones which are among the alternatives for empirical antibiotic treatment of some urogenital system infections have become widely accepted for treatment of urogenital system infections because of their favorable pharmacokinetic and pharmacodynamic properties (Pathania and Sharma., 2010; Naber, 2001) . Clinical practice has proved that fluoroquinolones are a good choice for urogenital system infections . However, the most important drawback in the treatment of urogenital system infections is that bacterial resistance quickly appears. A four-year prospective study reported that there is high intrinsic resistance to the quinolones among strains of Pseudomonas aeruginosa (43.4%), E. coli (26.3%) and Proteus spp. (17.1%), and rising rates of resistance were observed in P. aeruginosa (14.6% increase), Staphylococcus aureus (9.8%), and E. coli (9.7%) after four years (Omigie et al., 2009 ).
Moxifloxacin, a new fluoroquinolone antibiotic that acts by inhibiting bacterial topoisomerases II and IV, not only possesses increased activity against typical, atypical and anaerobic bacteria, but also has enhanced potential to minimize the emergence of bacterial resistance (Bebear et al., 2008; Lode and Schmidt., 2008a; Boswell et al., 2002; Brueggemann et al., 1997) . There is no known cross-resistance between moxifloxacin and other kinds of antimicrobials, such as beta-lactams, macrolides, aminoglycosides and tetracyclines (Keating and Scott, 2004) . Moxifloxacin achieves good tissue penetration and high concentrations in clinically relevant tissues and fluids (Lode and Schmidt, 2008b) . Based on the safety profile and the pharmacokinetic behavior of moxifloxacin, a dosage regimen of 400 mg given once daily, are effective and well tolerated for the treatment of various infections (Stass et al., 2001) . Moxifloxacin, taken as respiratory fluoroquinolone, is mainly used for the treatment of acute bacterial exacerbation of chronic bronchitis, community-acquired pneumonia (Miravitlles, 2005) , acute bacterial sinusitis (Lode et al., 2008b) , complicated skin and skin-structure infections (Muijsers and Jarvis , 2010) and complicated intra-abdominal infections (Cheadle et al., 2010) . Because of the desirable pharmacokinetic and concentration in tissues and fluids, we want to find out whether moxifloxacin can be considered as an alternative for the treatment of urogenital infections. Although Naber et al. (Bebear et al., 2008) discovered that the urinary excretion of moxifloxacin (20%) was lower than Mu et al. 1911 ciprofloxacin (43%), ofloxacin (81%) and levofloxacin (84%) and the indications of moxifloxacin are not included urogential infections (Foxman et al., 2011) , in some countries, such as China, France, Russia, and England, moxifloxacin is used for treatment of urogenital system infections (Zheng, 2010; Su et al., 2010; Judin et al., 2010; Meng and Ding, 2009; Tang et al., 2009; Wang and Pei, 2009a, b; Jin et al., 2009; Zhang et al., 2009; Heystek and Ross, 2009; Li, 2008; Per et al., 2009; Zhang et al., 2007; Sun, 2007; Ross et al., 2006; Gao et al., 2005; Tian et al., 2005; Zhang et al., 2004; Cai et al., 2003) . Research findings from those clinical studies of the efficacy and safety profile of moxifloxacin in treatment of urogenital system infections have been inconsistent. Therefore, aiming to compare the efficacy and safety profile of moxifloxacin monotherapy with conventional antibiotic treatment for treatment of urogenital infections, we conduct a meta-analysis of randomized controlled trials (RCTs).
MATERIALS AND METHODS

Data sources
Studies were identified by extensively searching the PubMed, EMBASE, Science Direct, ClinicalTrials.gov, Cochrane Central Register of Controlled Trials, CBM (Chinese Biomedical Literature Database), CNKI (Chinese National Knowledge Infrastructure), Wan Fang Data and VIP INFORMATION were searched from January 1999 to May 2011. The search terms were moxifloxacin, Avelox, urinary tract infections, urogenital infections, pelvic inflammatory disease and nongonococcal urethritis. The language of the literatures was not restricted to English. In addition, references of the relevant articles were reviewed in order to identify additional studies not detected by the initial search.
Study selection
Two reviewers (Yanping Mu and Xun Deng) independently searched literatures and examined relevant randomized controlled trials (RCTs). Any disagreement about study selection or data extraction was resolved by consensus with the third reviewer (Yong Wang, MD). For meta-analysis, all studies had to meet the following inclusion criteria: (1) A study described as RCT; (2) patients with urogenital infections had no statistically significant differences in baseline characteristics; (3) comparison of the efficacy and safety of moxifloxacin and other conventional antibiotics; (4) The outcome measures were clinical treatment success (defined as "clinical cure" and "clinical effective". "Clinical cure" was the normalization of acute signs, symptoms related to infection and laboratory test results with no requirement for further antibiotic therapy, and "clinical effective" was the aggregation of cure and improvement), microbiological treatment success (defined as the eradication of baseline pathogens) and adverse drug reactions.
Non-randomized studies were excluded, as well as case reports, reviews with insufficient details to meet the inclusion criteria, abstracts in the proceedings of scientific conferences, experimental trials and trials focusing on pharmacokinetics or pharmacodynamics, and children and pregnant female.
Data extraction
Two of the authors independently extracted data from the trials that met the inclusion criteria using. Authors would be contacted for missing data when necessary. For each trial, the following data were extracted: disease; number of patients in each group; mean age and sex distribution of each group; drug regimen, including doses and treatment duration; clinical cure rates; clinical effective rates; pathogens eradication rates and the incidences of adverse drug reaction.
Assessment of study quality
Quality assessment of the RCTs included in the meta-analysis was independently performed by the same reviewers according to Cochrane Handbook 5.0.1 and Juni et al. (Juni et al., 2001; Jadad et al., 1996) , which assesses the descriptions of randomization procedures, allocation concealment, double blinding and dropouts\withdrawals of the included trials. Each author rated the quality of the trials using Jadad grade (maximum grade=A; minimum grade = C; grade ≥ B = good quality).
Statistical analysis
Data were analyzed using Review Manager 5.1. Included articles were pooled and weighed (Juni et al., 2009 
RESULTS
Study selection process
The flow diagram (Figure 1 ) shows the process of selecting articles for meta-analysis of moxifloxacin compared with conventional therapy for urogenital infections. Twenty-two (Zheng, 2010; Su et al., 2010; Judin et al., 2010; Meng et al., 2009; Tang et al., 2009; Wang and Pei, 2009a; Wang and Pei, 2009b; Jin et al., 2009; Zhang et al., 2009; Heystek and Ross, 2009; Li, 2008; Per et al., 2009; Zhang et al., 2007; Sun, 2007; Ross et al., 2006; Gao et al., 2005; Tian et al., 2005; Zhang et al., 2004; Cai et al., 2003) were finally selected from the 112 articles.
Study characteristics
The main characteristics of twenty-two included RCTs are presented in Table 1 . Twenty-two RCTs involving 3940 patients were ultimately confirmed that met the criteria for inclusion in the meta-analysis. Among the patients included in the trials, the mean age was 36.87 years, and 82.61% (3255/3940) of the patients were women. All of the trials enrolled patients with urogential system infections, nine of which were researched patients with withdrawn from the American market, respectively, in 2005 due to QT prolongation and in 2006 due to dysglycemia). All patients included in the meta-analysis received antimicrobial treatment for a period of no less than seven days and a maximum of fourteen days. The quality assessment of included RCTs is presented in Table 2 . There studies clarified adequate randomization procedures, one reported allocation concealment, five used double blinding and five reported numbers of dropouts\withdrawals. One were eventually assessed to be good in terms of methodology with a Jadad score A (Juni et al., 2001) , the other twenty-one were B.
Comparisons of effectiveness
Clinical success
All the twenty-two studies provided specific data for analysis of clinical cure. Clinical cure rate in the moxifloxacin group [1513 (77.7%) of 1947 patients] was higher than control group [1370 (72.91%) of 1879 patients], whilst statistically significant difference was found [RR = 1.08, 95%CI (1.02, 1.14), P = 0.008] ( Figure  2 ). 19 studies (Zheng, 2010; Su et al., 2010; Meng et al., 2009; Tang et al., 2009; Wang et al., 2009a; Wang et al., 2009b; Jin et al., 2009; Zhang et al., 2009; Li, 2008; Per et al., 2009; Zhang et al., 2007; Sun, 2007; Gao et al., 2005; Tian et al., 2005; Zhang et al., 2004; Cai et al., 2003) provided relevant data for analysis of clinical effectiveness which consisted of clinical cure and improvement. Clinical effective rate in the moxifloxacin group [1156 (92.9%) of 1244 patients] was higher than the control group [1035 (85.0%) of 1217 patients], while statistically significant difference was found [RR = 1.09, 95%CI (1.04, 1.14), P = 0.0005] (Figure 3) .
Microbiological treatment success
17 (Judin et al., 2010; Tang et al., 2009; Wang et al., 2009a; Wang et al., 2009b; Jin et al., 2009; Zhang et al., 2009; Heystek and Ross., 2009; Li, 2008; Per et al., 2009; Zhang et al., 2007; Sun, 2007; Ross et al., 2006; Luo JL et al., 2006; Gao et al., 2005; Tian et al., 2005; Zhang et al., 2004; Cai et al., 2003) of the 22 RCTs provided microbiological eradication data. 1088 (90.8%) of the 1198 patients in the moxifloxacin group and 1001 (86.5%) of the 1157 patients in the control group achieved eradication of the baseline pathogens. The overall pathogens eradication rate in the moxifloxacin group (90.8%, 1088/1198) was higher than control group (86.52%, 1001/1157), while statistically significant (Figure 4) .
Comparisons of safety
All of the twenty-two RCTs provided adverse drug reaction data. In the total evaluable population, the incidence of adverse drug reaction between moxifloxacin group [509 (23.8%) 
DISCUSSION
We conducted this meta-analysis to compare the efficacy and safety of moxifloxacin monotherapy with conventional antimicrobial therapy for urogenital system infections. The overall RR of clinical rate, clinical effective rate and pathogens eradication rate of moxifloxacin were higher than control group. The results of meta-analysis indicated that efficacy of moxifloxacin was superior to conventional antibiotics therapy with statistically significant difference [Clinical cure rate: RR = 1.08, 95%CI (1.02, 1.14), P = 0.008; clinical effective rate: RR = 1.09, 95%CI (1.04, 1.14), P = 0.0005; pathogens eradication rate: RR = 1.04, 95% (0.99, 1.09), P = 0.08]. The safety profile analysis regarding the incidence of adverse drug reactions had no significant difference between moxifloxacin and control group [RR = 0.88, 95%CI (0.72, 1.06), P = 0.17]. Moreover, the efficacy and safety profile for PID patients (Judin, 2010; Heystek, 2009; Ross, 2006) were separately analyzed. These three large randomized controlled trials supported the efficacy of moxifloxacin for the treatment of uncomplicated PID. Clinical cure rates observed in the MONALISA (Judin et al., 2010) study were 78.4% for moxifloxacin versus 81.6% for levofloxacin plus metronidazole. Heysteck (2009) reported a clinical cure rate of 81.5% in women treated with moxifloxacin versus 83.2% in those treated with the doxycycline plus metronidazole plus one dose of ciprofloxacin. In the MAIDEN (Ross et al., 2006 ) study, clinical cure rate was achieved in 90.2% for moxifloxacin versus 90.7% for ofloxacin plus metronidazole. Meta-analysis indicated that the difference of efficacy between moxifloxacin monotherapy group and combination therapy group was not statistically significant (Clinical cure rates: RR = 0.98, 95%CI (0.95, 1.02), P = 0.33). In addition, no statistically significant differences were found in pathogens eradication rates (RR = 1.06, 95%CI (0.96, 1.16), P = 0.25) and the incidences of adverse drug reactions (RR = 0.85, 95%CI (0.68, 1.05), p = 0.13). Moxifloxacin monotherapy, 400 mg once daily for 14 days, is an effective and well-tolerated treatment for women with PID. Therefore, moxifloxacin can be recommended as the first-line therapy for uncomplicated PID.
In all the included studies, moxifloxacin had the advantage of using single dose per day and did not need combination because of broad coverage to pathogens. Monotherapy is always associated with greater compliance than combination therapy (Haggerty and Ness, 2007) , especially for outpatients. The administration of moxifloxacin was intravenous or oral and its medication time was free from diet (Instruction of Moxifloxacin Hydrochloride Tablets). Moxifloxacin can be accessible to inpatients and outpatients with greater compliance. The most common adverse events reported in the included studies were gastrointestinal disturbances and central nervous system reactions, such as nausea, diarrhea, vomiting, dizzy and headache. Serious adverse events were not reported in the enrolled articles. Balfour et al. (1999) demonstrated that in contrast to some other fluoroquinolones, moxifloxacin appears to have a low propensity for causing phototoxic and central nervous system (CNS) excitatory effects, and the most common adverse events are gastrointestinal disturbances.
This meta-analysis is not without limitations. Certain limitations affecting the results of this meta-analysis should be taken into account. Firstly, our findings may be affected by the quality of trials included in the meta-analysis. Only five of the included trials were double blinding, and only three clarified adequate randomization procedures. A sensitivity analysis was performed including only trials that were double-blinded, the comparisons of pathogens eradication rates and incidence of adverse drug reaction were consistent with the primary results. The primary clinical effective rate of moxifloxacin was superiority to conventional antibiotics therapy with statistically significant difference, but not finding statistically significant difference at sensitivity analysis. Secondly, heterogeneity was found among the included trials, we cannot make symmetrical funnel plots. Publication bias can lead to overestimation in meta-analysis. The funnel plot is frequently used to detect publication bias which can lead to overestimation in meta-analysis (Souza et al., 2007) . However, heterogeneity does not preclude pooling of the results because individual patients are directly compared only with other patients within the same trial, and not across trials (Lau et al., 1998; Thompson, 1994) Although some limitations exist in this meta-analysis, we believe that moxifloxacin can be considered using for the treatment of urogenital infections for the following reasons. First, the results of this meta-analysis revealed that the clinical cure rate and clinical effective rate achieved with moxifloxacin tended to be higher than obtained in the groups that received conventional antibiotic treatment and the incidence of adverse drug reactions of moxifloxacin was not significantly different from the control group. Second, the compliance of patients is influenced by the complexity of the dosage regimen. The simple usage of moxifloxacin (400 mg, once a day, PO/IV) offer benefits compared with regimens that require combination therapy or multiple dosing. Moreover, it does not need to adjust the dosage of moxifloxacin for elderly patients and those patients with renal or mild hepatic impairment (Ball et al., 2004) . Third, in a review article, Bambeke et al. (Van and Tulkens, 2009) concluded that moxifloxacin did not reveal significantly higher incidences of drug-related adverse effects than for comparators. It was coincident with result of this meta-analysis. Certainly, further high quality RCTs are required.
